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Two issues ago TFR turned its attention to 
the use of epitaxy for the production of sili- 
con-germanium (SiGe) devices. Since then 
there have been some very important further 
developments. These include the commer- 
cial launch of the First of the next-generation 
of production CVD systems For SiGe From 
Roy Szweda, Therm0 VG Semicon, the EpiStar CV200. The 
Associate Editor SiGe CVD market was until recently split 
between ASM, Unaxis and Applied 
Materials. These are principally silicon 
equipment manufacturers but Unaxis will be 
Familiar to readers of this magazine for its 
Ill-V etch and deposition equipment. 
However, the newest entrants to the field 
will be very Familiar From their III-V epitaxy 
systems. 
SiGe Epitaxy - the Key to 
the Device Market Part II 
As we covered last time,Aixtron AG, one of the 
world’s leading MOCVD equipment makers has 
launched its Tricent range of silicon CVD sys- 
tems. Most recent, however, is one of the leaders 
in the corresponding MBE Beld,Thermo VG 
SemiconThe involvement of such prestigious 
companies could be the latest in a trend for com- 
pounds-oriented companies to add Group IV 
materials processing to their portfolio. Other 
examples include IQE plc which has, as reported 
here, sealed several partnerships with silicon 
companies and set up its own Silicon 
Compounds division. 
The trend for compounds-oriented companies to 
add Group IV materials processing to their port- 
folios is not surprising when you think of how 
important heterostructure technology is for III- 
Vs. Such advanced epitaxy structures have now 
become very important for silicon materials such 
as SiGe. Epitaxy is essential for strained layer 
SiGe deposition since implantation and diffusion 
can only result in unstrained films. 
There are many similarities in the basic CVD 
process on offer from the major players. 
However, one of the main differences is whether 
the systems are designed for batch processing 
(many wafers at one time) or for single wafer 
processing. It should be noted that, although the 
first generation SiGe LPCVD systems, as devel- 
oped by IBM, were based on a batch processing 
approach, the current trend in advanced Si 
device processing is for a cluster tool approach 
based on handling single wafers. 
In a new report* the value of the total world 
market for epitaxlal growth reactors and associat- 
ed SiGe process systems was valued at US$170.0 
million in 2001. 
At the time of writing capital investments were 
on the turn in a generally depressed marketThe 
market ln 2002 had dropped but pick up will 
boost demand for equipment leading to double- 
figure growth rates beginning next year. As a 
result, by 2006 the total available market for 
SiGe-related process systems will be worth over 
US$300 million. 
Pre-structured wafers are an important point 
which we only touched on last time. Unlike the 
compounds market, for SiGe HBTs - which are 
currently the only real market for SiGe ICs - the 
wafers largely have most of the FETs for the 
CMOS portion of the BiCMOS IC already in 
place. Subsequent to this the wafer then receives 
SiGe epitaxy for the SiGe bipolar devices.This 
epiwafer then has to be processed at low tem- 
perature so as to avoid any damage to the CMOS 
portion which is already in place and to provide 
the strained SiGe epllayer. High temperatures will 
result in relaxed SiGe layers which are unusable 
in this SiGe HBT technology 
So too, strained Si, built on relaxed SiGe buffer 
layers, is an opportunity for lower power and 
higher speed CMOS. This technology is seen as a 
follow-on to SO1 with sSO1 (strained Si on insula- 
tor) being, potentially, the “mother of all CMOS 
substrates” in the future.The success of this will 
largely depend on substrate price. Today, SOI 
substrates are very expensive. Strained Si sub- 
strates are even more expensive than SOI. Thus, 
you can imagine that sSOI will be extremely 
expensive, unless a much lower cost manufactur- 
ing approach is taken. The ITRS roadmap sug- 
gests that strained Si technology will be neces- 
sary in 2007 or so. 
However, what may become a crucial change in 
this market began with the commercial debut of 
a new type of epitaxial deposition system in 
2002.This centres around cluster tools, of which 
the Therm0 VG Semicon EpiStar was claimed to 
be the first to address the shortcomings of pres- 
ent generation CVD, and the needs of epitaxy for 
the next-generation of SiGe devicesThere will 
be other machines from existing players too but 
none of these will begin to take effect until at 
least the 2003-2004 timeframe.They would then 
grow steadily thereafter to supplant the existing 
market. In the early years companies interested 
in using these newer machines for R&D will pur- 
chase the machine in addition to present-genera- 
tion CVD machines. 
Silicon show debut 
Therm0 VG Semicon chose SEMICON West, the 
world’s largest semiconductor industry equip- 
ment show to launch the EpiStar CV200. It was 
an appropriate venue and the machine was well 
received by the many visitors from the silicon 
fabs.Thermo VG Semicon launched the EpiStar 
CV200 as a “new UHV low-pressure CVD cluster 
tool for use in the manufacture of advanced 
semiconductors such as SiGe”.The CV200 com- 
bines the advantages of UHV construction tech- 
niques with the speed and flexibility of LPCVD 
process to provide high-purity Si and SiGe epi- 
taxial structures for use in a variety of advanced 
electronic devices. It is the industry’s first UHV 
LPCVD system available in a cluster tool plat- 
form. Southampton University’s prestigious 
Microelectronics Centre, one of the UK’s nation- 
al centres of excellence for Si research, original- 
ly developed the design over a period of ten 
years, so it is already a well-developed concept. 
Therm0 VG Semicon acquired the technology 
and had refined and developed it for use in 
commercial applications. Key to the design 
is the application of true UHV-quality 
construction for the first time in a commercial 
CVD tool. 
Some of the key aspects of the Therm0 VG 
Semicon’s UHV LPCVD approach include: 
Figure 1. A processed 
wafer as produced by 
Semiconducto,: 
By using UHV-quality construction, low-level 
background contaminants are eliminated 
from the process environment, allowing 
growth of high quality materials 
Cold-wall principle with radiative heating 
means no deposition on the chamber walls 
so no etchback clean is needed 
Because of the construction, there is no need 
to combat the effects of contamination from 
the system getting into the films, so the tool 
and process does not need huge flows of 
ultra-pure hydrogen for purging.This leads to 
better process control, lower running cost, 
and potentially time savings. 
The tool and process make selective Si/SiGe 
epitaxy possible without using chlorine (so it 
is a faster, cleaner, no mask etch-back 
process) 
The tool and process also support non-selec- 
tive epitaxy 
An ultra-clean environment is increasingly 
important at the low growth temperatures 
needed for many advanced materials and 
structures 
Although the system is based on UHV-quality 
construction, the operation is a conventional 
low-pressure CVD process 
No bake-out is needed 
The system is much more frugal with 
the dilution gases than the first 
generation systems that use huge volumes 
of hydrogen 
Wafer handling is via face-down platens 
with no hand-offs.This minimizes particle 
contamination 
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Figure 2. Thermo VG 
Sernicon's Epistar CV200 is 
the industry's first LPCVD 
duster tool built to true UHV 
standards. 
• A range of wafer sizes can be handled with- 
out reconfiguration 
• Suitable for a range of processes not just 
SiGe, e.g. silicon and polysilicon 
The company believes that these attributes make 
the equipment unique when compared to the 
present offerings of other suppliers. 
Furthermore, as the performance r quirements 
of SiGe-based evices continues to evolve, the 
materials requirements will also change and 
more novel approaches will be necessary.The 
versatility of this system will help to address 
these needs. 
With the CV2OO,Thermo VG Semicon has com- 
bined expertise in UHV and CVD technology 
with experience in automated wafer handling to 
provide the semiconductor industry with a high- 
ly productive cluster tool aimed at the next gen- 
eration of SiGe-based evices. 
It provides a growth environment that is 
inherently clean and an LPCVD processing 
regime that gives acceptable growth rates 
for single wafer processing.This is achieved 
without the operational drawbacks of full 
UHV operation. For example, baking the system 
is unnecessary.The cluster tool configuration 
provides versatility for R&D, including the capa- 
bility for multi-step deposition processes using 
separate growth chambers. It also permits the 
transfer of a new process to the production lab; 
the multi-chamber capability allowing the tool 
to be configured for optimum production 
capacity. 
The advent of the Thermo VG Semicon EpiStar 
cluster tool for epitaxial deposition of SiGe 
should not only prove popular in the captive 
segment but also affect the ratio of merchant to 
captive manufacturing of SiGe materials and 
devices. One or more merchant epiwafer houses 
for prototyping of next-generation SiGe devices 
could take up this machine.This would likely 
cause a more rapid growth in the merchant 
market sector. 
However, it is noteworthy that the SiGe equip- 
ment market as it stands today is contended by 
some of the respective l aders in the field. 
Unaxis and Applied Materials are adjudged to be 
the dominant suppliers of equipment for the pro- 
cessing of SiGe semiconductors.This position 
provides ubstantial leverage in the further devel- 
opment of this equipment and optimising it to 
meet the needs of its many customers world- 
wide. Research for the report* confirmed only 
that these companies also had plans for compara- 
ble machines but in summer 2002 only the 
EpiStar had been announced. 
Phil Sullivan, business development director 
of Thermo VG Semicon, said, "The EpiStar 
CV200 is an important addition to our 
portfolio of UHV-based deposition tools. Our 
production MBE systems, the VIO0 and V150, 
are already well established as the leading MBE 
systems for high-volume manufacture of com- 
pound semiconductors.With theCV200,we 
have combined our expertise in UHV and CVD 
technology with our extensive xperience in 
automated wafer handling to provide the semi- 
conductor industry with a highly productive 
cluster tool aimed at the next generation of 
SiGe-based evices. 
"At Thermo VG Senlicon we know about the 
need for process purity and how to achieve it. 
For over two decades we've been the world's 
leading supplier of UHV equipment for the most 
demanding semiconductor deposition applica- 
tion there is - production MBE. Now we are 
applying our expertise to LPCVD." 
An important capability of the system is the abili- 
ty to do chlorine-free selective Si epitaxy, see 
Figure 3. In standard LPCVD processing selective 
epi requires the use of dichlorosilane as a 
process gas. During deposition the silicon that 
nucleates on the oxide mask is etched at a high- 
er rate than the epitaxially deposited silicon. 
Needless to say it is a process which is not very 
operator friendly and requires having different 
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gases depending on whether the need is for 
selective or non-selective epi.The EpiStar brand 
of UHV LPCVD allows the user to access a broad- 
er process window and get to a range of condi- 
tions where growth can be selective without 
using the less user-friendly chlorine-based gases, 
i.e. silane can be used for both selective and non- 
selective epi.This versatility is not available in 
other CVD systems. 
Epi for the merchant market 
There is debate in the marketplace as to whether 
there will arise a merchant SiGe epiwafer busi- 
ness comparable to that in the compounds.The 
new EpiStar offers the versatility required of 
foundry business and may find its first take up in 
the merchant sector either with epi or device 
makers, or both.At the moment demand is rela- 
tively small, this is due in part because more and 
more pre-structured walers are used, such as 
Si/SiN or Si/SiO, structures. 
As we mentioned last time ATM1 Epitaxial 
Services (Mesa,AZ, USA), the supplier of specialty 
epitaxial services has gained considerable inter- 
est from IC makers for its SiGe epi.They have 
been using the Applied Materials Centura as well 
as an ASM Epsilon system at Epitronics’ facility 
for process demonstration and development and 
manufacturing. Such arrangements have not only 
aided the wider spread of sales of two types of 
SiGe-related products, equipment and epiwafers 
but also provided an easier route to those inter- 
ested in SiGe with lower investment in equip- 
ment and technology.They can thus achieve a 
more efficient pathway from development to 
production. Time to market for BiCMOS prod- 
ucts for companies with no prior SiGe experi- 
ence have been demonstrated to be 7 months or 
figure 3. TfM photo shows chlorine-free selective silicon 
epitaxy through oxide mask with virtually no faceting 
grown on Therm0 VG Semicon’s EpiStar CVZOO. 
less from initial process development to pilot 
production, using outsourced SiGe epitaxy from 
ATMI. 
In the past most Si IC manufacturers processed 
their own epi, but this has changed very dramati- 
cally in the past 5 years or so. ATM1 processed 
nearly 1 million epiwafers in the year 2000. It 
presently has eight SiGe customers who totally 
rely onATM1 for SiGe epi plus it has over 100 Si 
epi customers.ATMI says that the IP is in the pro- 
cessing rather than in the epitaxy which is a fair- 
ly simple process step compared to the rest of 
the device fabrication which can exceed two 
dozen mask steps. In III-Vs epitaxy the larger 
part of the device fabrication is included in the 
epitaxy part of the total process. 
Nevertheless, it could be that in the future sub- 
strate suppliers will fabricate ‘virtual SiGe sub 
strates’ these consist of a graded buffer layer and 
a defect free epitaxial SiGe layer on top. Future 
demand is for the ability to grow thick buffer lay- 
ers for ‘virtual SiGe substrates’ as a base for 
strained Si or strained SiGe channels for HEMT 
applications, for example. Strained Si CMOS is 
where a relaxed SiGe graded buffer with Si on 
top is made and then processed as if it were con- 
ventional CMOS.This is potentially a big target 
market say some industry ObserversAnother 
important area of application could be optical 
waveguides. 
Conclusions 
Despite having a lower profile than some other 
areas of the semiconductor industry, it would 
seem that SiGe epitaxy is becoming a big busi- 
ness.This article has tried to reveal what a major 
market sector SiGe materials processing has 
become. With as many as a hundred machines 
now in operation at many of the leading device 
makers around the world, and the first ‘second- 
generation’ machine launched onto the market, 
SiGe could be said to be ready for some exciting 
times ahead. 
It is, however, not a simple market and any new 
entrant is going to have to enter it with both 
eyes open.Thermo VG Semicon is taking a ‘first 
principles’ approach to what will be a tough 
market and does not expect success overnight. 
The established players are likely to introduce 
their own contributions in due course but the 
EpiStar could be the first to market. As every one 
knows this is a crucial factor in the semiconduc- 
tor business. 
*The report Silicon 
Germanium Materials & 
Devices -A Market & 
Technology Overview to 
2006. (ISDN I 85617396 8. 
Price: EUK3057/US$3057) 
will shortly be published by 
Eisevier Advanced 
Technology, Oxford, UK. The 
report covers the entire 
SiGe marketplace from 
source materials, sub- 
strates, epitaxial wafers 
and equipment ond SiGe 
devices. It provides o busi- 
ness and technical overview 
including a five-year morket 
forecast for both moteriols 
and devices. It also 
includes profiles of over 50 
major manufacturers in the 
business and a directory 
of research institutes and 
suppliers. 
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